The nitro group of 4-(p-nitrobenzyl)pyridine was converted to amino group and 4-(p-aminobenzyl)pyridine was prepared by catalytic hydrogenation using hydrazine hydrate/Pd-C system. Reaction of 4-(p-aminobenzyl)pyridine with 1,3,5-benzenetricarboxylic acid under appropriate conditions yielded a new diacid containing amide group and pyridine unit. The prepared substances were characterized using FT-IR, H-NMR, and mass spectroscopy and also elemental analysis. Polycondensation reactions of the diacid with different commercially available diols in the presence of benzenesulfonyl chloride afforded new types of poly(amide-ester)s. All the polymers were characterized and their physical and thermal properties were studied. The polymers showed high thermal stability and also enhanced solubility in polar aprotic solvents.
Introduction
High temperature or thermally stable materials are one of the specialty areas within polymer science which have been recognized for about 60 years and their applications are growing steadily. The most significant categories of these polymers are polyimide, polyamide, polyarylate, and their copolymers. Polyarylates belong to the class of high-performance engineering plastics and they have good thermal and mechanical properties [1, 2] .
However, because of their limited solubility in organic solvents and their high melting or high glass transition temperatures, polyarylates are generally difficult to process by virtue of their rigid structures. Introduction of bulky and pendent units and also disruption of symmetry are important methods to overcome this drawback [3] [4] [5] [6] .
Another suitable way for modification of polymer properties is copolycondensation, for instance modification of the properties of polyesters by incorporation of hydrogenbonded amide groups or imide units produces copolymers with modified properties [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . In recent years there has been a growing interest in poly(amide-ester)s because of their expected degradable, thermal and mechanical properties. It has been observed that ester bonds are highly hydrolyzable whereas amide groups may establish intermolecular hydrogen bonds that give good fiber-forming properties and increase the characteristic low melting temperature of polyesters. In other words, these copolymers usually show intermediate properties between those of polyesters and polyamides and present an attractive combination of properties: high flexibility of the ester linkages, providing toughness and degradability, and good mechanical properties resulting from the hydrogen bonds between amide groups. Generally, they show propensity to degradation with proteolytic enzymes and biodegradability [18] [19] [20] .
Different methods have been studied for the preparation of poly(amide-ester)s including random copolymers, alternating copolymers, or segmented copolymers in which, each category has its own characteristics. Usually regular poly(amide-ester)s are prepared in a two-step synthesis. Initially, a definite monomer with preformed structure is prepared that react in a second step to give alternating poly(amideester)s [21] [22] [23] [24] [25] . Various poly(amide-ester)s have recently been commercialized with a wide range of applications due to their performance and processing services [26] .
Here we are going to present preparation of new types of soluble, thermally stable poly(amide-ester)s containing pyridine pendent group by preparing of a novel diacid and its polycondensation reactions with different diols.
Result and discussion
In order to prepare new types of soluble, thermally stable poly(amide-ester)s we designed and prepared a new diacid via a two-step reaction: The nitro group of 4-(pnitrobenzyl)pyridine was catalytically reduced to amino group using hydrazine hydrate in the presence of Pd/C and converted to 4-(p-aminobenzyl)pyridine (Scheme 1).
Pd/C Scheme 1. Synthesis of 4-(p-aminobenzyl)pyridine.
In the second step 1,3,5-benzenetricarboxylic was in-situ activated by thionyl chloride [27, 28] and reacted with 4-(p-aminobenzyl)pyridine to produce a diacid with preformed amide unit containing pyridine pendent group (Scheme 2). The prepared amine and diacid was fully characterized with common spectroscopic methods including IR, H-NMR and mass spectroscopy and also elemental analysis. The results are collected in Table 1 and representative spectra are shown in Figures  1-4 .
It is worth to mention that further H-NMR experiments were achieved to confirm the ABP and diacid structures. In this way, D2O was added to the NMR tubes of ABP and diacid for rapid exchange test. No remarkable changes except some shifting were observed in the spectrum of ABP compound, due to no or slow rate of exchange. However in the H-NMR spectrum of diacid, peak at 10.71 ppm disappeared. This could be related to the rapid exchange of protons of carboxylic acid with D2O. The choice of heterocyclic rings in the main chain of the synthetic polymer is to impart certain properties to the polymer. These heterocyclic moieties have polar groups, importing an additional dipole moment to the molecule, so that they can interact with each other and also with polar solvents and alter the properties of the polymers. The selection of a pyridine nucleus is based on its high thermal stability derived from its molecular symmetry and aromaticity. Polymers containing pyridine rings have been synthesized and it was reported that presence of pyridine rings in the polymeric backbone usually enhances their thermal stability, solubility, and adhesion to metals [29] [30] [31] [32] .
Tab. 1. Characterization of 4-(p-aminobenzyl)pyridine (ABP
Polycondensation reactions of the diacid with six aromatic diols including hydroquinone (HQ), 1,5-dihydroxy naphthalene ( results are collected in Table 2 . The representative IR and H-NMR spectra are presented in Fig 5 and 6 , respectively. The weight average molecular weights (M w ) of the polymers were determined by GPC method and also their inherent viscosity as another criterion for evaluation of molecular weights was measured in DMF at a concentration of 0.5 gdL -1 at 30 C and the related data are collected in Table 3 . These results revealed that the polymers comprise of reasonable molecular weights.
The solubility of the polymers was studied in different solvents. They were soluble in the range of 2.5-3.1 g/dL in dipolar aprotic solvents such as NMP, DMAc, DMF, dimethylsulfoxide (DMSO), and also in m-cresol. The polymers were also partially soluble in THF by heating. Incorporation of pyridine and methylene groups into the backbone of polymers, in addition to meta-catenation of polyesters was the main reasons for improving the solubility of the polymers. DMTA technique was used to study the thermal behavior of the poly(amide-ester)s. The temperature at which the modulus of the polymer subsided was used as the glass transition temperature (T g ) of the polymers. The glass transition temperatures of the polymers were in the range of 168-211 ºC. Thermal stability of the polymers was evaluated by thermogravimetric analysis (TGA) in air at a heating rate of 10 ºC. No significant weight loss was observed below 200 ºC for polymers and their initial decomposition temperatures (T 0 ) were about 200-232 ºC. According to the literature, an important criterion for evaluation of thermal stability is the temperature for 10% gravimetric loss (T 10 ) that was in the range of 283-347 ºC for the prepared polymers. Also the weight of polymers remained (char yield) at 700 ºC were about 34-40 %. The obtained data for thermal behavior and thermal stability are tabulated in Table 4 and the representative DMTA and TGA curves are shown in Figs. 7 and 8.
Incorporation of ester and amide units and phenylation of backbone were the main structural features for preserving thermal stability of the polymers. The most rigid and symmetric polymer (HQ-based polymer) showed the highest thermal stability and lowest solubility and also the most flexible polymer (BPA-based polymer) revealed the highest solubility and lowest thermal stability among the prepared polyesters.
Tab. 4. Thermal characterization data.
Polymer T g ( C) T 0 ( C) T 10 ( C) T max ( C) Char yield at 700 C (%) Diacid Although different structures of poly(amide-ester)s have been reported in the literature [33] [34] [35] [36] [37] , little attention has been paid to pyridine containing poly(amide ester)s. Improved solubility and also increased char yield was observed for the prepared polymers in comparison with the related polymers [12] . Therefore, they showed more solubility and also thermal stability in comparison to the reported polymers that could be related to the special structural features of these polymers and higher growth of molecular weights.
Wide-Angle X-ray Scattering (WAXS) in the region of 2θ=5-70˚ at room temperature were used to study the crystalline characteristics of the polymers. According to the results, the polymers were almost amorphous which might be mainly related to the presence of benzyl pyridine unit and meta-linkage in the polyesters.
Conclusions
4-(p-Aminobenzyl)pyridine was prepared by heterogeneous catalytic reduction of 4-(p-nitrobenzyl)pyridine using hydrazine hydrate. A diacid with pyridine pendent group and preformed amide unit was prepared via condensation reaction of 4-(paminobenzyl)pyridine with 1,3,5-benzenetricarboxylic acid by in-situ activation.
Relative poly(amide-ester)s were prepared by polycondensation reactions of this diacid with different aromatic diols in the presence of benzenesulfonyl chloride that their thermal and physical properties were studied. Nice balance of properties including improved solubility and good thermal stability was observed in the polymers. It was related to the special structural features including presence of flexible methylene group and pyridine unit from one side, amide and ester linkages and aromatic units from the other side.
Experimental

Materials
All chemicals were purchased either from Merck or Aldrich Chemical Co. N-Methyl-2-pyrrolidone (NMP) and N,N-dimethyl formamide (DMF) were distilled under reduced pressure over CaH 2 .
Instruments
Infrared measurements were performed on a Shimadzu IR-470 spectrometer. The H-NMR spectra were recorded at room temperature in CDCl 3 or DMSO-d 6 solution using a Bruker Avance DPX 300 MHz. Elemental analyses were performed by a CHN-O-Rapid Heraeus elemental analyzer. Thermogravimetric analysis (TGA) was recorded on a Stanton Redcraft STA-780. The dynamic mechanical measurements were recorded on a Polymer Laboratories Dynamic Mechanical Thermal Analyzer (DMTA) over a temperature range of 25-300 ºC at 1Hz and a heating rate of 5 ºC/min. Inherent viscosities were measured by using an Ubbelohde viscometer in a concentration of 0.5 gdL -1 in DMF at 30 ˚C. The mass spectra were recorded on a Shimadzu GC-MS-QP 1000 EX. The weight-average molecular weight (M w ) was determined by gel permeation chromatography (GPC). GPC was performed on a Waters 150-C instrument using Styragel columns and a differential refractometer detector. The molecular weight calibration was carried out using polystyrene standards. Calibration and measurements were made at a flow rate of 1 mL/min, and DMF was used as the solvent. Wide angle X-ray diffraction patterns were performed at room temperature on an X-ray diffractometer (Siemens model D 5000) using Nifiltered Cu Kα radiation (40 kV, 25 mA) with scanning rate of 3 °/min.
Monomer synthesis
-Synthesis of 4-(p-aminobenzyl)pyridine 2.14 g (10 mmol) of 4-(p-nitrobenzyl)pyridine, 0.1 g of 10% Pd-C, and 130 mL of ethanol were introduced in to the three-neck flask to which 10 mL of hydrazine monohydrate was added dropwise over a period of 1h at 85 C. After the complete addition, the reaction was continued at reflex temperature for another 6 h. The mixture was filtered to remove the Pd-C and the filtrate was poured into water. The product was filtered off, washed with hot water and dried. The melting point was 152-154 ºC (yield 84%).
-Synthesis of diacid To 2.02 g (17 mmol) of cold thionyl chloride in an ice-water bath, 3 mL of NMP was added and it was stirred for 30 min. Then 2.21 g (10.5 mmol) of 1,3,5-benzenetricarboxylic gradually was added to the mixture and it was stirred for 1 h at room temperature. A solution of 1.82 g (9.89 mmol) of 4-(p-aminobenzyl)pyridine in 9 mL of NMP was added to the mixture and the reaction mixture was stirred at room temperature for 3 h. The product was precipitated by pouring the reaction mixture into water. The crude product was purified by solvent-non solvent technique using DMF-water. Finally the product was washed several times with hot water and dried in a vacuum oven. The melting point was 340-343 ºC (yield 76%).
-Preparation of polyesters A typical procedure was as follows: A mixture of 1.5 mL of benzenesulfonyl chloride, 1 mL of dry DMF, and 4 mL of pyridine was stirred at room temperature for 30 min. Then 0.002 mol (0.752 g) of diacid was added to the mixture and stirring was continued. After solidification of the mixture, it was heated to 80 °C for 10 min. Diol (0.002 mol) was dissolved in 5.0 mL of pyridine and was added to the mixture during 10 min. The reaction mixture was heated to 120 °C for 2 h. After cooling, the reaction mixture was poured into a large amount of water with stirring. The obtained precipitate was filtered and washed several times with methanol and hot water. Then it was dried at 90 C under vacuum overnight.
